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Jlnkbe3 no nueepcun

,D,J'ISI TEeX, KTO em'é HE 3HAET, KdK BbIBOPA4NBATb MNJIOCKOCTb HAU3HAHKY
Onpedenerue. AaHa OKpPYy>XHOCTbL W C IeHTpoM O um papumycom R. Paccmorpum
Ipeobpa3oBaHMe, KOTOPOE COIOCTABASIET TOUKe P Touky P’, aexxamyro Ha Ayge OP
u yaoBAeTBopstomyto csoitcTtBy OP - OP’ = R?. Takoe mpeobpasoBaHue Ha3BIBAETCS
uHBepcuet OMmHoCcCUMenvHo okpyarcrocmu w. Touka O Ha3bIBaeTCs IEHTPOM UHBED-
CUU, ANST HEE PE3YABTAT MHBEPCUU HEONPEAEAEH (@ TOUHEE, OIPEAENEH, HO HAXOAUTCS
B OECKOHEYHO YAANEHHON TOUKE).

1. (Kax eé cmpoums?) IlycTb TouKa P A€XUT BHE OKPYIXHOCTH W. AOKa>KUTE, YTO
CAEAYIOIINE IIOCTPOEHUS BEIAAIOT TOUKY, MHBEPCHYIO P:

(a) ITpoBepém kacareabnsie PT u PS k w. Touka P’ — mepeceuenne TS u OP.

(b) IIpoBepém amamerp AB, nmepnenpuryasipaeiit OP. Touka M — mepecedeHue
orpe3ka AP ¢ w. Touka P’ — mepeceuernne BM u OP.

2. N\OKa>kKuTe, YTO
(a) mpsimasi, mpoxoAsiIIasi Yepes IEHTP UHBEPCUH, IIPX UHBEPCUY IIepeiAeT B cebs;
(b) mpsimasi, He MPOXOASIIIIAsl Yepe3 LEHTP MHBEPCUM, IIPU WHBEPCUU IIEPERAET B
OKPY’KHOCTD, IIPOXOASIIYIO YEPE3 IIEHTP UHBEPCUY;
(c) OKPY>XHOCTH, IPOXOASIIIIAS Yepe3 IIeHTP WHBEPCUM, IPYU MHBEPCUU IEPEAAET B
IPSIMYIO, HE IIPOXOASIIYIO YepPe3 IEHTP MHBEPCUM,
(d) oxpy>XHOCTE, He IPOXOASIIIAS YEPES IIEHTP UHBEPCUY, IPY UHBEPCUY IIEPEAAET
B OKPY>KHOCTbB, HE IIPOXOASIIIYIO Yepe3 IIEHTP WHBEPCUMN.
Onpedenerue. OH60OIIEHHOT OKPYKHOCTBIO OyAEM Ha3bIBATH IPSIMBIE UAU OKPYIK-

HOCTH. TakuM 06pa3oM, MHBEPCUS IIEPEBOAUT OOODIIIEHHBIE OKPY KHOCTH B 0000IIIEHHEIE
OKPY>XHOCTH.

3. (a) AokarkuTe, YTO OKPY>KHOCTD, IEPIEHAUKYASIPHAS (W, IPY UHBEPCUU IIEPERAET
B cebs.

(b) IIycThb OKpPY>XKHOCTH COAEP’KUT ABE MHBEPCHBEIE OTHOCUTEABHO (U TOYKHU. AO-
Ka’KUTE, UYTO OHA IIEPIEHAUKYASPHA (.

4. N\ora>kuTe, YTO MHBEPCUSI COXPAHSIET YIABI MEXAY ODOOIIEHHLIMY OKPY KHOCTSI-
MH.



5. NuBepcop [locenne, OH >Ke IPAMUAO NUIKKUHA — IIAPHUPHBIN MeXaHW3M, IIOKa-
3aHHBLIA Ha KapTuHKE. Touka O HENOABM>XHO 3aKpeINAeHa, OCTAaAbHLIE MOTYT ABUTATh-
csa. AorarkuTe, 94TO ToUYKZ A 1 C MHBEPCHBI OTOCUTEABHO HEKOTOPON OKPYKHOCTH C

neaTpoMm O.
. B
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6. AaHBI reoOMeTPUUEeCKUEe KOHCTPYKINY. B KaXkKAO¥ U3 HUX AEAAETCS MHBEPCUS OT-
HocuTenabHO TOouku O. HapucyiiTe, 9TO HOAYYUTCS B PE3YAbTATe IPUMEHEHUS ITON
VHBEPCUU.

a) Tpeyroabauk ABC u ommcaHHast OKOAO HETO OKPY>KHOCTB, Touka O = A.

b) Tpeyroabauk ABC m ommcaHHast OKOAO HETO OKPY’KHOCTB, Touka O AEXUT Ha
OIIMCAaHHOY OKPY>XHOCTH, HO HE COBIIAAAET C BEPIIWHAMYU TPEYTOABHUKA.

c) Tpeyroarruk ABC z BBICOTa K HEMY, LIEHTP MHBEPCUM — TOYKA Ha IIAOCKOCTH,
He Ae’Kalllasi HY Ha OAHOM U3 YKa3aHHBIX IIPSIMBIX.

d) Tpeyroaprur ABC u BuucanHast OKpy>XHOCTE, Touka O = A.

e) Tpeyroabauk ABC m BHeBnuCaHHAsT OKPY>KHOCTb, Touka O = A.

f) Tpeyroabauxk ABC u ero Beicota AH, Touka O = A.

7. CpenaB MHBEPCUIO OTHOCUTEABHO ToukM (O, HAIMIIUTe, BO UTO IIPEBPAIIaIOTCS

POPMYAUPOBKU M3BECTHLIX TEOPEM.

(a) BHyTpeHHIE HAKPECT A€XKAIIUE YIABI paBHEL. B kadecTBe O BHIOEPUTE TOUKY
Ha CEKYIIe#, OTAUYHYIO OT TOYEK IIEPECEUEHUS.

(b) BuccekTpUCH TPEYTOABHUKA IIEPECEKAIOTCS B OAHOM Touke. LIeHTp MHBEpCUM
— BEPIIVWHA TPEYTOABHUKA.

(c) B paBHOGEAPEHHOM TPEYTOABHUKE BLICOTA, IPOBEAEHHAS K OCHOBAHUIO, SIBASI-
eTcst Tak>Xe buccekTpucoit. LleHTp MHBEpPCUU — BepIIWHA HAITPOTUB OCHOBAHUS.

(d) [IpoTHBOIOAOKHEIE YIABI BIXCAHHOI'O YeTHIPEXYTOAbHIKA paBHbl 180°. LleHTp
VHBEPCUAU AEKUT Ha ONIMCAHHON OKPY KHOCTH.

(e) OcHoBaHUSI MEPIEHAUKYASIPOB, IIPOBEAEHHEIX U3 TOYKM P K CTOPOHAM Tpe-

YTOABHUKA, A€XKAT Ha OAHOM IIPSIMOM TOrAa X TOABKO TOTAQ, KOrAa P AeXXUT Ha OIHU-
CaHHOM OKPY>KHOCTU TPEYrOAbHUKA. LIeHTp MHBepCUM BBIOEPUTE IO CBOEMY >KEAAHUIO.



Ina Tex, KTo y)xe He BUAUT pa3HuLLbl MEXAY NPSAMbIMU U OKPY>XKHOCTAMU

Tellepb MBI IIEPEXOAUIM K KOMIIAEKCHBIM YHCAAM.

Onpedenerue. N\pobHO-AMHeHHON DyHKIIMeH Ha3zoBEM PYHKIUIO BuAa f(z) = %.

ITpumevarue. (a) Ml npeaionaraeMm, 9To f(z) ompeaeneHa U IPUHAMAET 3HAYEHMUST
B pacImmpeHHOI kommAekcHO# maockocty C = C U co. B wacTHOCTH, f(—%) =o0ou
f(oo) = % KosddurmeHTsl TOXKe TPEAIOAATAIOTCSI KOMIIAEKCHBIMY YUCAAMU.

(b) HacTubiM caydaeMm APOOHO-AMHENHONW (DYHKIIAN SBASIETCS AMHEHHAST (QYHKIIUS
(mpz ¢ = 0). TakuMm obpasoM, AT060# TapaAAEABHBIN TIEPEHOC, A0D0 IIOBOPOT U Af0bast
IIOBOPOTHASI TOMOTETHSI MOXKET OBITH 3allCaHa KaK APOOHO-AMHENHAS PYHKIIUS.

8. (a) AokaXkuTe, YTO KOMIIO3UIUS APOOHO-AMHERHEIX (PYHKINHA SIBASIETCS APOOHO-

AVHEWHON (QYHKIUEH.

(b) AokarkuTe, uTo ApObHO-AMHENHAST PyHKIWM f(2) = gjjg obpaTuma (T.€. cyIme-

cTByeT pyHKIUS ¢(z), Takast uTo f(g(z)) = z) Toraa u ToABKO Toraa, Koraa ad—bce # 0.
B paabHeiltmeMm 6yaeM paccCMaTpPUBATh TOABKO OOpaTMMBIE APOOHO-AMHEWHBIE IIpe-
obpazoBaHUsI.

9. (a) HeT-HeT, uHBepCHUSI He SIBASIETCS YACTHBIM CAYdYaeM APOOHO-AMHENHON (DYHK-
muu (mouemy?)! A BOT MHBEPCUS + OCEBAsT CUMMETPHUS — SIBASIETCSI. AOKa>XUTE 3TO.

(b) AokaxkuTe, 9yTO AfODast APOOHO-AMHERHAS (PYHKIINAST PACKAAABIBAETCS B KOM-
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IIO3UIYIO AUHENHBIX QYHKIUA U QYHKIWA - .
(c) AokaxxuTe, 4TO APOOHO-AMHEHHOE Mpeobpa30BaHUE IIEPEBOAUT IIPSIMBIE UAK
OKPY’KHOCTH B IIPSIMBIE UAU OKPYKHOCTH. [IpyM KaKUX YCAOBUSX IIOAYYAETCS OKPYK-

HOCTDB, a IIPN KaKUX — HpHMaH?

(d) AokaxkuTe, 9TO APOOHO-AMHENHEIE TPEOOPA30BAHMS COXPAHSIIOT YTABI MEXKAY
KPUBBLIMIU.

10. Aoxa>kuTe, 9YTO AAS AIOOBIX TPOEK TOYEK Z1, Z2, Z3 X W1, W), W3 CYIIIECTBYET EANH-
CTBEHHOE APOOHO-AMHelHOe oTobparkenue f, Takoe uTo f(zi) = wj.

— z—1 i ? -

11. Kyaa nepeBoputr dpyukius f(z) = — CAVHUYHBIN KPYT! Bepx#aroo moaymaoc

z
KOCTL !

12. HaitauTe Bce ApoOHO-AMHENHBIE IPe0OPA30BAHKSI, OCTABASIIOIIAE HA MECTE TOUKY
a) 0; b) co.

13. HaiiauTe Bce ApOOHO-AMHERHEBIE TIPeOOPA30BaHKSI, KOTOPLIE IIEPEBOASIT BEPXHIOIO
IIOAYIIAOCKOCTE B Cebsi.

Onpedenerue. TOYKE CUMMETPUYHBI OHOCUTEABHO OKPYKHOCTH, ECAY OHU IIE€PEXO-
ASIT APYT B ApPyTra IIPX MHBEPCUYM OTHOCHTEABHO 3TON OKPY>XKHOCTH.

14. A\ora>xuTe, 9TO APOOHO-AMHENHEBIE TPE0OPA30BAHUST COXPAHSIIOT CUMMETPUIO OT-
HOCUTEABHO IIPSIMOY MAU OKPY>XHOCTH.



